Vibriosis is a veterinary term covering a variety of disease in animals caused by vibrios. Vibrio infection in man conjures up a picture of cholera. Although not widely known, organisms similar to those causing vibriosis in animals also infect man. Cases of human vibriosis have been recorded in Europe and in the United States, but so far not in the British Isles. The condition is little known to clinicians, and unless borne in mind may be missed by the bacteriologist. The clinical picture is protean, the organisms are fastidious, and they may be difficult to maintain in culture. In human disease the vibrios present most commonly as Gram-negative spiral bacteria in blood cultures, and differ in other important respects from the cholera group. Their taxonomic position is not finally agreed upon. Two cases of human vibriosis have been seen in this hospital within a year, and it was felt that their description, accompanied by a brief review of human vibriosis, would be justified.
Case 1
A hotel pantryman, aged 58, attended the casualty department in August 1965 with a six-months history of mild abdominal pain and of vomiting small amounts of bile and blood-stained fluid. His appetite was good, and there was no loss of weight. While in the casualty department he vomited blood-stained fluid, and his blood pressure fell from 150/100 to 100/60; he became cold and clammy, and developed pulmonary oedema. He was admitted and treated initially as a case of coronary insufficiency and left heart failure, though the E.C.G. was not diagnostic.
Twenty-four hours after admission his temperature rose to 1040 F. (400 C.) . Septicaemia with peripheral circulatory failure and pulmonary oedema due to aspirated vomit were suspected. Blood cultures were taken, and he was given intravenous chloramphenicol and novobiocin 1.5 g. of each daily. His blood urea at that time was 82 mg./100 ml., and barium swallow showed a hiatus hernia and a possible acute duodenal ulcer. On the third day he was found to be anuric. His blood urea rose to 285 mg./100 ml. and peritoneal dialysis was begun on the fourth day. On the fifth day he had a macular rash on his chest, back, and shoulders. The blood culture taken on the first day was found to be positive with an unidentified anaerobic Gram-negative bacterium. Fourteen subsequent cultures of blood or bone marrow were negative. Further bacteriological findings are described below.
The main findings and events are recorded along with the temperature in Fig. 1 . The patient remained ill, and required peritoneal dialysis for two and a half weeks before diuresis set in. Throughout this time the vomiting continued. By the tenth day he had ankle oedema due to a combination of heart failure, venous thrombosis, and a low serum albumin. The initial antibiotics were given for only two days; on the seventh day he was started on cloxacillin 2 g. daily, and the next day chloramphenicol 1 g. daily was added to this. These antibiotics were continued for 14 and 9 days respectively without apparent effect on his temperature. On the 27th day he had a large haematemesis, requiring a transfusion of 4 pints (2. Despite continuing fever his condition improved. After 11 weeks of illness the pyrexia subsided, and two weeks later he was well enough for discharge. After convalescence he returned to work and remained well. 4 Lecturer, Department of Medical Microbiology, St. George's Hospital Medical School, London S.W.
Laboratory findings
The first blood culture was taken on the day after admission before chemotherapy was started. Two bottles were used for blood cultures, one containing 50 ml. of nutrient broth and the other 30 ml. of thioglycollate broth. The first received 5 ml. and the second 3 nil. of blood. The set was incubated at 370 C. with (Fig. 2) . The flagella were sheathed, the sheath being continuous with the bacterial cell wall, which presented a honeycomb-like surface these features fit the description of the ultrastructure of Vibrio fetus V (Ritchie et al.,1966c) except that flagellar sheathing was not described.
The organism was oxidase-positive and catalase-negative. With a disc diffusion method on blood agar the organism was found to, be sensitive to cephaloridine, novobiocin, streptomycin, tetracycline, schioramphenicol, neomycin, and the sulphonamides, but resistant to penicillin and cloxacillin.
Six young white mice were injected intraperitoneally with 0.5 ml.
of the blood-culture material and all the animals survived the infection. No vibrios were recovered from peritoneal washings or blood F of the animals over a 10-day period, nor from the internal organs when the animals were killed. That the injected material still I-__ contained live organism was proved by subsequent successful sub--culture.
For a time maintenance of the strain proved increasingly difficult, FIG 4 and early on there was insufficient material for serological tests. After some weeks of effort reasonable growth was obtained from the original blood cultures on a chocolate agar containing defibrinated horse blood and washed agar. The organism still grew slowly as a strict anaerobe, taking four to five days to give transparent pinheadsized colonies. In areas of confluent growth on prolonged incubation it showed the metallic sheen and the coral-pink discoloration of the medium seen with the original subcultures. The organism was motile, oxidase-positive, and catalase-negative, and the antibiotic sensitivity pattern had not changed. By light microscopy its FG morphology was the same, but under the electron microscope, though still amphitrichate, its flagella were unsheathed and the surface ...... pattern of the organism was lost. At this stage it closely resembled the published appearances of V. fetus (Rhoades, 1954; King, 1962; Ritchie et al., 1966 he had a temperature of 101.60 F. (38.7°C.), effusions into the left elbow and both knees, and a systolic ejection murmur.
Aspiration of the knee joints yielded cloudy yellow fluid containing numerous polymorphonuclear leucocytes. No organisms were seen on direct smear and routine cultures were sterile, No acid-fast bacilli were found. He had a hypochromic anaemia with Hb 51%, M.C.H.C. 29%, and a W.B.C. count of 17,800 (89% neutrophils with a shift to the left). Blood culture on the day of admission was sterile. He was transfused with packed cells and given penicillin and ampicillin. He improved, and by the 12th day his joints were free of fluid and the knees had 90 degrees of movenent without pain. As he still had an irregular pyrexia, further blood cultures were taken. By the 14th day he had a macular rash, and his penicillin was stopped. The second blood culture was found to be positive with an anaerobic vibrio. He was started on chloramphenicol. The pyrexia settled, but his condition deteriorated. His blood urea, which was raised on admission and had subsequently fallen, rose again, and he died on the 28th day. A summary of the clinical course is shown in Fig. 8 . At post-mortem examination the oesophagus was grossly dilated and showed mucosal ulceration. There were no other relevant findings. Cultures taken from prepuce, prostate, testes, meninges, bone marrow, and gum margins failed to yield vibrios.
The vibrio isolated from this case grew anaerobically on first isolation. However, it grew more rapidly than that from Case 1, forming pinpoint colonies in 24 hours. The growth had a slight buff colour in confluent areas and showed the coral-pink discoloration of the chocolate agar beneath. It did not develop a metallic sheen, and only some subcultures on moist plates showed a tendency to spread. This strain was not difficult to maintain in subculture. The organism stained readily with Gram stain, and showed characteristic comma forms and a few spirals. In wet preparations they had the darting motion of a vibrio. Under the electron microscope there were amphitrichate comma and " S " forms, but no sheath was present on the flagella (Fig. 9) .
The organism was sensitive to streptomycin, chloramphenicol, (Peckham, 1958) . All these organisms are microaerophilic vibrios related to V. fetus. A further, non-pathogenic anaerobic species, V. bubutus, has been isolated from the genital tracts of cattle.
King (1957, 1962) recognizes three closely related but serologically distinct species-V. fetus, "related vibrio," and V. bubulus-the first two being associated with disease in man. These organisms are Gram-negative curved slender rods frequently showing spiral forms, actively motile, being monotrichate or amphitrichate. They are all oxidase-positive and are relatively inactive biochemically, but may be differentiated as in the Table. Of 71 strains of human origin which were isolated in different parts of the world 60 were V. fetus and 11 were " related vibrios " (King, 1962 (King, , 1965 (Kiggins and Plastridge, 1956; King, 1957 King, , 1962  Lecce, 1958 ; Park, 1961 ; Ringen and Frank, 1958 ; Fletcher and Plastridge, 1964 ; Loesche et al., 1965 King (1957) recorded four cases of bloody diarrhoea in infants and a further case in a chicken-farmer, from all of whom vibrios were isolated only by blood culture. At post-mortem examination on the farmer jejunal lesions similar to those seen in cattle with winter scours were found. Wheeler and Borchers (1961) reported a further four cases in young children, three with positive blood cultures, the fourth being diagnosed serologically. Middelkamp and Wolf (1961) recorded an isolation from a child with bloody diarrhoea, and Mandel and Ellison (1963) from an adult The majority of recorded cases were apyrexial and the stools dysenteric in type. In all cases other human enteric bacterial pathogens were excluded, and no investigator succeeded in isolating the vibrio from the stool.
V. fetus infection associated with pregnancy was first reported by Vinzent and reviewed by him in 1949. Three cases were described, all the women survived, two aborted and one had a live birth, and all were diagnosed by blood culture. Hood and Todd (1960) reported a further human case with abortion, the organism being isolated from the placenta and foetal brain. An earlier report by Curtis (1913) may well have been vibriosis. He noted flagellate comma-shaped and spirillar organisms in the uterine discharges of two cases of puerperal infection. Cultivation of the uterine discharge from one showed the organism to be a strict anaerobe.
Pyrexia without localizing signs was the form of presentation in Spink's (1957) Collins et al. (1964) in adults with isolation of the vibrio from cerebrospinal fluid, subdural fluid, and by blood culture. Burgert and Hagstrom (1964) reported meningoencephalitis in two neonates who died, with isolation of V. fetus from the cerebrospinal fluid of one during life and from the brain of both at necropsy. Subacute bacterial endocarditis has been reported in five cases, three in reports from France and two in the U.S.A. (Kilo et al., 1965) ; Loeb et al. (1966) reported two further cases. Septic arthritis has been reported twice-once by Kilo et al. (1965) , with isolation of a vibrio from both blood and joint fluid, and once by King and Bronsky (1961) , with isolation from the joint only. Three cases of extensive thrombophlebitis in adults with positive blood cultures were reported by Kahler and Sheldon (1960) . A single case of laboratory infection was recorded by Ward (1948) .
The type of vibrio isolated in all the recorded cases of diarrhoeal disease was a "related vibrio," except in the case of Mandel and Ellison (1963) (Tunnicliff, 1914; Prevot, 1940) differs in only very minor characters from V. bubulus (Loesche et al., 1965) . King (1957) (Spink, 1957; Wheeler and Borchers, 1961 ; Darrell et al., 1967) .
The motile spiral organism from our first case was clearly not Borrelia, Leptospira, or Treponema, and at first was thought to be a spirillum. Because of the patient's possible occupational contact with rats, rat-bite fever was considered, but the typical clinical features of sodoku were absent. Moreover, since Spirillum minus is lophotrichate, is pathogenic to mice, and is generally believed not to grow on blood agar, it was excluded.
Electron microscopy provided the best way to a morphological diagnosis, and these features, together with the other laboratory findings, conformed in general to those described by King (1957) for organisms causing human vibriosis. Using her criteria, our first strain was thought to be most probably V. bubulus, but unfortunately it died out before complete identification. The second strain was identified as a microaerophilic related vibrio; a subculture was sent to Dr. King, who confirmed the identification.
For the clinical pathologist we would stress the importance of blood cultures in establishing the diagnosis. From our own experience and that of others it was noted that plate subcultures may be slow to grow and must be maintained long enough in the right gaseous environment, they may be difficult to see, and some strains tend to die out on further subculture (Smith, 1918; Levy, 1946; Moore, 1954; Wheeler and Borchers, 1961) . In an attempt to avoid loss of our second strain we froze some aliquots of the original blood cultures at -700 C., and found on later examination that the organisms had survived.
Summary
Two cases of human vibriosis, the first to be recorded in Britain, are described. One of the vibrios isolated was a strict anaerobe, a type not previously recorded as a human pathogen. The condition should be considered whenever a pyrexia of unknown origin is being investigated, and is most likely to be diagnosed if blood cultures are taken. The organisms causing human vibriosis are related to those causing vibriosis in animals and distinct from those causing cholera in man. Non-cholera vibrio infection in man (human vibriosis) may present as a dysentery-like condition or as a pyrexial bacteraemic illness with or without localization of infection. Localization is most likely to occur in the meninges, synovial membranes, valvular endocardium, and, in pregnant women, in the foetus and foetal membranes and placenta. 
